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TECHNICAL NOTE 2488

WIND-TUNNEL INVESTIGATION OF TEE CONTRIBUTION OF

A VERTICAL TAIL TO THE DIRECTIONAL STABILITY

OF A FIG3TER-TYPE AIRPLANE1

By Alfred A. Marino and N. Mastrocola ,-

SUMMARY

Tests of a ~ -scale model of a typical fighter-type airplane.were

made to investi&’te the contribution of a centrally located vertical
tail to the directional stability. Propeller-removed tests were made ,---–—
with the stabilizer located in three vertical positions on the fuselage.

b The separate contributions of the tail ad the fuselage were determined
by means of pressure measurements on the tail and on the fuselage in
the vicinity of the tail.

h

The results of the tests indicated that the stabilizer, apart from
its favorable end-plate effect, had a large detrimental effect on the
contribution of the vertical tail surface to the directional stability.
This detrimental effect was greatest with the stabilizer high on the
fuselage and increased with increasing sngle of attack. The contribution
of the fuselage at small angles of attack was supplied mainly by that
part above the stabilizer. The importance of the contribution of this
part of the fuselage increased considerably as the stabilizer was moved
down. Tliecontribution of the fuselage below the stabilizer was,negligible
at small angles of attack; at high aagles of attick the contribution of
the fuselage became appreciable when the depth of the fuselage,below
the stabilizer was large.

A comparison of the test results with ’resultspredictedby two ..
different design methods based on the concept of m effective tail area : _=_
indicates that such methods cannot accurately predi.ctthe contribution
of a vertical tail to the directional stability for all airplane configu-
rations and flight conditions. It appears that, for airplanes with tail
configurations similar to the type investigated, a more satisfactory
method can be obtained by treating separately the contributions of the

.
%2persedes. the recently declassified.RM L7K03, “Wind-Tunnel Investi-

gation of the Contribution of a Vertical Tail to the-Directional Stability
-* of a Fighter-Type Airplane” by Alfred A. Marino andN. Mastrocola, 194-8.

●
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vertical tail
fuselage area

surface, the fuselage area above the stabi~i=; ~d th~-
below the stabilizer.

INTRODUCTION

Two widely accepted available methods for predicting the contribution
of a vertical ‘W-l t~ the directional stability (references 1 and 2)
involve tail-area definitions that-include”part of the lateral area of
the fuselage. The two tail-area definitions, however, are n~t–~e s~e~
and the two methods do not give consistent results. Recent tests (refer-
ence 3) disclosed a lack of agreement between expertiental results and
those results predictedby reference 1 and indicated thatithe vertical
tail and fuselage shouldbe considered separately inasmuch as sidewash
and dynamic-pressuremeasurements indicated.that the loading on the after
part of the fuselage was not changed appreciably by the addition of the

vertical tail. The present investigation of.a $-scale model of the _

fighter-type airplane tested in reference 3 was conducted in the Langley
propeller-research tunnel to determtie..theseparate contributions of’the
fuselageand vertical tail surface to the directional stability a~d to
study the applicability of cuyr=t design methods.-”Inqmuch aS +1 ~_ts
were made with propeller r“emovedjthe effects of propeller slipstream ‘-
were not considered in this investigation.

The data were obtainedby means of pressure orifices installed on
the vertical tail and on the fuselagein the region of the vertical tail;
thereby, the separate determination ofithe loads on the tail ~d fuselage.
was possible. Pressuxe measurements on the fuselage were taken with the
vertical tail both on and off so that the”load induced by the ~ertical
tail could be determined. Three vertical positions of the stabilizer on
the fuselage were investigated. The tests were made for a range of-angle
of yaw from Oo to 25° and a range of angle of attack from 0° to 15°.

.

SYMBOLS

A

Ae

L

geometric aspect ratio

effective aspect ratio ~=.,

lift coefficient (L/q#)

yawing-moment-coefficient@/q&b)

force perpendicular to free stresm; positive when acting upward
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v
N W- moment about lift SXiS; Positive when nose tends to

turn to right .—

wing area, 37.1 square feet -.

tail area

distance from center of

wing spsmj 14.27 feet

height of vertical tail

gravity to rudder hinge line, 7.25 feet’

chord of vertical tail or fuselage .—.

section normal-force coefficient

section normal-force coefficient on vertical tail or on fuse-
lage due to vertical tail

normal-force coefficient on vertical tail or on fuselage due -
to vertical tail (based on vertical-tail srea) (Nt/@t)

normal force”on vertical tail or on fuselage due to vertical
tail

,

angle of attack of fuselage reference line with respect to
sxis of wind tunnel, degrees

singleof attack corrected for jet-boundary effects, degrees

angle of yaw> degreesj positive when left wing is forward

sidewash anglej &g?7eeSj positive when flow is from right to
left when airplane is viewed from rear

-.-—

-.—

—

local dyuamic pressure .—

free-stream dynamic pressure

spanwise position measured vertically from fuselage reference .__.._
line, inches (see fig. 3)

rate of change of @ with ~, per degree (dcN/d$)

rate of change of Cn with $, per degree (dCn/dY)
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Subscripts:

t tail

w wing

MODEL AND TESTS -—

.
The tests were conducted on a A - scale model of a conventional

3
low-wing fighter airplane, A three-view.drawingshowing the principal
dimensions and areas is given as figure 1 and a photograph of the model
mounted for testing is presented as figure--2. The most significant
feature of the fuselage pertaining to this investigation iS the great ‘- ‘r ..-,:

depth and wedge shape of the fuselage where-the vertical tail is situated. .:
Some of the details of the airplme} such as cowl flaps, propeller, and
landing gear, were not represented on the model and the vertical tail
and stabilizer were made without control surfaces.

The vertical tail, details of which are given in figure 3, was

instrumented with surface pressure orifices distributed over both sides
as shown in figure 4. Orifices were also ipstalled in the rear part of
of the fuselage dire”ctlybelow the vertical-tail. The horizontal tail
(fig. 5) wasmounted in the three’verticalpositions shown in figure 3.
For some tests, the horizontal tail was removed. Tall-off tests were
made with both the horizontal and vertical tail surfaces removed; The
vertical tail surface is defined as the part of the lateral area above
the upper-rontourof the fuselage. (See figO 2,)

The model was mounted on a single strut”so that the only restraint -
about the vertical axis passing through the support point was a canti-

lever spring upon which were mo~ted electrical strain gages calibrated
to measure the yawing tendency of the model. In addition six-co~onent
force measurements were obtainedby m%ns of’the balance system of the
Langley propeller-research tunnel.

...

d

i

—

--,

All tests were made with propeller removed at-a t~el airspeed of =
approximately &) miles per hour, corresponding to a Reynolds number of=.
about 2 x 106 based on the mear”wing chord. All tests were made for a ..

range of angle of yaw from Oo t-o25° and a range of angle of attack .

from 0° to 15°.

&

.
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v
RESULTS

In order to simplify the presentation of results,
attack for all the figures and throughout the text are
wind-tunnel jet-boundary effect. The corrected angles
with the corresponding Ud?t coefficients, are given in
table for all conditions tested:

....

the angles of
uncorrected for

.

of attack, together
the followtig “.

4

*

‘CL

(d~g) (::g) Stabilizer Stabilizer
on removed

o -0.2 0.18 0.16
3 2.7 ● 37 .34
6 ● 57 .52
9 2:; .76 .70
12 11.2 .96 .89
15 14.0 1.16 1.07

Pressures measured at the orifices on the vertical tail and fuselage
were first plotted, in terms of the free-stream dynamic pressure, against
the chordwise location. The areas enclosedby these curves from the
leading edge to the trailing edge were mechmically integrated to give
the section normal-force coefficient. The leading-edge limit for the
integration of pressures on the fuselage was formedby the extension of

—

the leading edge of the vertical tail through the fuselage as shown in
figure 4; the section normal-force coefficient of the fuselage is thus
based on a fictitious chord extending from the end of the fuselage to

.—
-.

this boundary. The use of this chord ~s justified stice the pressures
at orifices located forward-of this boundary were not changed appreciably”
by the installation or the removal of the vertical tail,

khe fuselage section normal-force coefficients Cn measmed with ‘

the vertical tail and stabilizer off are shown in figure 6. Valties
Of Cnt, the difference in section normal-force coefficient with the .— .. .-
vertical tail on and off, are shown plotted against spanwise position
in figure 7 for all conditions tested. For the case of the tail surface,
these values are measures of the total load; whereas for the fuselage}
these values are measures of the load induced on the fuselage by the
vertical tail.
the stabilizer
lage below the

For the low stabilizer position only the loading above
WES considered
stabilizer was

inasmuch as the load induced on the fuse- ....--.:
assumed to be negligibly.small.

.“

-i
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The net

by the local
normal-force
the addition

section normal-force coefficients cnt—were multiplied

chord and plotted against the spanwise station to give the ,
load distribution along the tail qnd the fuselage due to
of the vertical tail. These load curves are separated into

sections as determined by the fuselage line and the horizontal-tail
position. (See fig. 3.) The total load+: thus interpreted as consisting
of three parts: the load on the tail, the load on the ‘fuselageabove
the stabilizer, and the--loadon the fuselage below the stabilizer. The
areas under the load curves Integrated between the specified boundaries
are measmes of the contributions of the compo~ent parts of the tail-
fuselage co?ibinationto the total normal force due to the vertical tail;
and since shifts in the position of the center of pressure are small In
comparison with the tail length, these integrated values may also be
considered proportional to.&e resultkg y&wing moment.” Plots of the
correspondingnormal-force coefficient~based on the area of the vertical- ‘-
tail surface, CN against the angle of yaw $ (fig. 8), show the

contribution of the components of the tail-fuselage conibinationto the
directional stability. The total yawing moment and lateral force
produced by tie-vertical tail, calculated from the total normal-force
coefficients shown in figure 8, were foundto be in fair agreement with
those measmed directly bymems of.the strain gages and the tunnel
scales.

Stice the normal-force ‘coefficient ~ is considered proportional

to the yawing-moment coefficient Cn, the normal-force coefficient slope

CN~ is stiilarly proportional to the directional-stabilityderivative Cn*.

The slope of’the normal-force curve for a component part of the tail-
fuselage combination is thus a direct measure of the contribution of
that part to the directiond-stability derivative. The analysis in this
paper is based on the average norqal-force slope taken between ~ = 0°
and 5°.

DISCUSSION

Throughout-this paper the term “tail’~is~ynonomous with the term
“vertical tail” and is used to signify that part of the tail.fuselag~

.—.

combination removed in tie tail-off tests; as described in the section
entitled “Model and Tests.” A distinction is also made between the
expression “contribution of the vertical tall surface}” which applies
to the force.acting on the vertical tail itself, and the expression
“total.contribution of the vertical tail,” which applies to the total
increment of.force producedby the addition of the vertical tail.
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Analysis of Experimental Results

Contribution of vertical tail surface.-
——

The normal-force slopes -‘- . .

for components of the tail-fusekge conibinationsobtained with the three
stabilizer positiops are shown in figure 9 plotted against angle of
attack. The variations.of these slopes with stabilizer position are
shown in figure 10.

The data in figures 9 and 10 show that the stabilizer position has ..:
appreciable influence on the normal-force slope of the vertical tail
surface. At a = Oo the slopes obtained with the stabilizer in all
positions tested are greater than the slope obtained with the stabilizer ‘
removed. The increase in tail slope for a = 0° is attributable to the ~
end-plate effect of the stabilizer. For the high-stabilizer position
the increase in slopes producedby the end-plate effect of the stabilizer , -
is reduced to zero at an mgle of attack of about 3°, and as the single
of attack is increased, the slope is progressively decreased below that
obtained with the stabilizer removed. For the middle tid low stabilizer .
positions, the increase in slope produced by the end-plate effect is also
reduced to zero but at the much higher angle of attack of 11O. These
results indicate that at mdderate and high angles of attack, the
stabilizer has a detrimental effect on the tail effectiveness that out-
weighs its favorable end-plate effect. This detrimental effect increases
with angle of attack and is greatest with the stabilizer in the high
position,

The action in decreasing the contribution of the vertical tail .
surface can be attributed to an asymmetrical loadi.?igof the stabilizer
due to the asymmetrical dokawash behind the yawed airplane. The vortex ‘-”-
system associated with such a loading results in a sidewash on the
vertical tail that increases with angle of yaw and thus influences the
effectiveness of the vertical tail. Whether the sidewash so produced
is stabilizing or destabilizing depends upon the ~ture of the asymmetrical
loading; in the present case, the action is clearly destabilizing. This
effect is expected to vary with angle of attack, since its severity
depends on the downwash asymmetry which is determinedly tie location of
the stabilizer in the downwash pattern behind the wing. For the same
reason, the effect would also vary with stabilizer position. This effect
of the stabilizer is confined to small angles of yaw where the slopes
of the normal-force curves are measured.

-.
At high angles of yaw the

normal-force coefficients are larger with stabilizer than without (fig. 8), ‘---
which indicates that the detrimental effect of the stabilizer is much less
than its favorable end-plate effect.

It appears then that the presence of the stabilizer introduces two “
separate effects that influence the contribution of the vertical tail
surface: the end-plate effect and the sidewash effect resulting from
the asymmetrical stabilizer loading. The end-plate effect is due solely
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to the interaction of vertical tail and stabilizer and is equivalent to
an increase in the aspect ratio of the vertical tail. The sidewash
effect-is essentially independent of the presence of the vertical tall,
because the sidewash would occur in this region even thou@ the vertical
tail were removed, and is properly treated in the same manner as the
sidewash produced by the wing or f’uSelageor any other part of the
airplane. ...

Althou@ the stabilizer affects the Wection of air flow at the
vertical tail, the general characteristics of the air flow are primarily
determined by the wing .md fuselage. l?orthis reason, the tail normal-
force curves for the different stabilizer configurations sre found to
have the same general character. For small angles,of yaw, the tail
normal-force curves of figure 8 show a decrease h slope which becomes
more pronounced as the-angle of attack is ticreased. This trend is in
accord with the air-flow measurements made in reference 3 where atismall
angles of yaw large losses h dynamic pressure resulting from the wakes
of the canopy and wing-fuselage juncture were.fougd to occur in the
victiity of the vertical tail. These losses increased with angle of
attack ~ecause of the broadening of the
the higher angles of yaw where the tail
lage boundary layer reduces the dynsmic
vertical tail and therefore contributes
that point, (See fig. 7.)

The normal-force-coefficientslo~e
as

R

.-
.— ----- ..

--

—

wake but were less imp~rtant at
moved out of the wake. The fuse- ●-
pressure at the base of the
to the sharp drop in load a&-–

h,
. .

for the tail can be expressed .-

fiere (!N$JO is the normal-force-coefficientslope of the tail for

free-stream conditions (u . 0° and q = ~) ~d includes the end-pk&

effect–of.the stabilizer. Previous discussion shows that+he factor
d(~ - a)(q/qo)

is influencedby the stabilizer and varies with stabilizer
d$

position. The end-plate factor for the high-stabilizer position,
calculated in table I on’the basis of the corresponding air-flow measure-
ments of reference 3, was 1.k2 for an angle”of attack of OO. At inter-
mediate angles of-attack this value reduced to about 1.05 and then
increased to a value ofl.~ at a = 15° (fig. 11). ‘Thereduction of
the end-plate factor at the intermediate angles of attack is believed
to be causedby the passage of the stablliz~ throu& the wake of the
wing.

. .,...

~-
. .

b
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con tribtiion of fuse-e abovestabil~zer.- The span-load curves

of fi~e 7 show that the load.hg on the vertical tail decreases
* rapidly near the base of the vertical tail; the induced loading on the

fuselage also decreases, but less rapidly, in going frcm the vertical-
tail-fuselage juncture to the stabilizer. The stabilizer generally has
the effect of increasing the intensity of load on the fuselage above
the stabilizer over that e~sting with the stabilizer removes. The
@ortance of the contribution of this part of the fuselage increases”
considerably as the stabiliz~ is moved down~ (See fig. 10.) The
contribution is oQy 5 percent of the total for the hi@-stabilizer
positim, but with the low-stabilizer positicm the contribution increases
up to 20 percent of the total contribution of the vertical tail.

The c~es of nmmal-force coefficimt (fig.8) show that the
loadingon the fuselageabovethe stabilizerincreasesalmostlinearly
with angleof yaw. The cmves shows decreasetlslopeat smallangles
of yaw, whichis similarto the behatiorof the tail normal-force
curves. This characteristicarisesfrom the same cause,that is, the
influenceof wake at smallanglesof yaw. The smalltiecreaseof thq
slopes with angle of attackis also parallelto the trendsexhibited.

& by the tail normal-force-coefficientcurves. M theserespects,this
part of the fuselageacts as a vertical-tailextensionof reaucea
effectivenesss..

Contribution of fusehwe below stabilizer.-“Withthe stabilizer
removeajthe inducedload on the fuselageaecreasescontinuouslyfrom
the vertical-tail-fuselagejunctureto the bottomof the fuselage. (See
fig.y(a).) With the stabilizerin place,the baa on the fuselage
aecreasesat a slowerrate to.thestabilizer.Across the stabilizer a
sharp decrease in load occurs, and at high angles of yaw the direction
of the induces norml force cm the fuselage below the stabilizer is
reversed* (See figs. 7(a) and 7(b).) The slopes of the curves of
no--fcmce coefficient plottea against -e of yaw (fig. 8) are
positive at small angles of yaw but become negative as the angle of
yaw ticreases. The slopes of the curves tens to beccm.emore positive

..-

wi~ increasing angle of attack, but at higher angles of yaw the charac-
teristic trend remains an unstable one at all angles of attack.

The contributionof the fuselagebelowthe stabilizer is w4Wble . ..
at small angles of attackas shornin figures~ and.10. At high angles
of attack the contribution of the fuselage becomes appreciable when the
depth of the fuselage below the stabilizeris large. With the high
stabilizerand at u= l~”, the contributionof this part of the fusela~
is over20 percentof the totalcontributionof the verticaltail.
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Comparison with Conventional Design Methods ,,-. -

An examination of the methods of references 1 and 2 for predicting u

the increment in the directional stability producedby a vertical tail
can now be evaluated .onthe basis of the results obtained in this
investigation. The”direct comparison between the measured results .and. T..J:
those calculated me ~de only for the case-of an angle of attack of 0°,
since the facts brought out ayply to all an$les.

-. —

Pass’ method.- Calculations of the contribution of the vertical

tail to the directional-stabilityderivatives by the method of reference
are presented in table II for the three “stabilizerpositions tested.
The air-flow factor measured with the high stabilizer in reference 3
was applied to all st.ab~liz.erpositions. Although the results of this
investigation indicated that this factor might vary with stabilizer
position~ its usefoy all positions is justified In these calculations
since in the analysis of reference l-no distinction is made for this
eff’ectiofthe stabilizer. The results of the calculations are shown
plotted against stabilizer position in figuxe 12 in comparison with the
experimental results. It is see-nthat the method of reftience 1 leads
to an overestimation that increases greatly as the stabilizer is moved
down on the fuselage.

1

..

.-
—

.—

“””*-

: —

The reasons for the discrepancies”between the measured and calculated ““l
results are disclosed by a careful ex~ination of the procedure and of
the assumptions involved in the method. The vertical-tail area in
reference 1, as shown in the sketch in table II, is defined as the sum
of the exposed vertical-tail area and that p-art-ofthe fuselage himediately “-- ‘“—
above the stabilizer, and the tail_height is defined as the distance
from the stabilizer to the tip of the vertical tail. The geometric
aspect ratio of this plan fo~ is then multiplied by a factor of 1.55 - ‘ -;;
to account for the end-plate effect of the stabilizer. This aspect- .—

ratio correction is almost the same as that found theoretically for the
.

effective increase--inaspect ratio of%- vertical tail with a stabilizer
at its base (reference 4). Therefore, Pass ’i@lieS-that the load on the

..

tail-fuselage combination is almost the ssaM as the load on an isolated ‘
—

vertical tail and stabilizer.

Theoretical load distributions for”the isolated-tail configuratloris ‘-
thatiapply to this model according to the method of.reference 1 are
shown in.figure.13 for high- and low-stabilizerpositions. These curves
were determined from a series of load distributions derived theoretically
in reference ~-for tails of elliptical plSJ-Term with stabilizers at
their bases and are roughly corrected for the variation of’sidewash and
dynamic pressure by multiplying tie load along the spanby the air-flow
factor used in table II. Although not -exact,these load curves are
considered accurate enough for’purposes of ~Jlustration. The measured

—

--

.
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F
span-load distributions for the vertical tail surface and fuselage above
the stabilizer are also shown in figure 13. Since the loads are propor-

k tional to the angle of yaw, any differences in the areas under the measured
and calculated curves are responsible for the differences in the measured
and calculated directional-stability derivatives.

The most striking differences between the distributions of figure 13
occur on the fuselage where the actual loading is much lower than the
calculated loading which continues essentially un&lminished to the
stabilizer. The contribution of the fuselage is thus overestimated; the
error involved increases as the stabilizer is moved down. Anotlner
discrepancy, which also increases as the stabilizer is moved down, is
the increased load on the tail itself which results from the increased .
geometric aspect ratio involved in the tail-area definition.

Agreement can be obtained between the calculated and experimental
results by suitable readjustments of the end-plate factor, that is,
readjustments of the effective aspect ratio. Calculations of the aspect-
ratio correction factor required to give agreement showed that the factor
would be about 1.00 for the high stabilizer and 0.60 for the low stabilizer

k as compared to 1.55 used by Pass for both cases. The use of such factors,
however, is regarded as unjustifiable because the significance of this
aspect-ratio correction as an end-plate effect is totally lost.

The previous discussion indicates that the use of the tail-area
definition of reference 1 is generally ticonsistent with observed res~ts. .
For airplsme configurations with high stabilizers, the induced loading
on the fuselage above the stabilizer is not greatly different frou that
implied in the method, and with some modification of the end-plate factor,
the method could give good results. It is pointed out, however, that,
even in these cases, neglect of the fuselage below the stabilizer will

--

lead to inaccurate results at-high angles of attack.

Lyons and Bisgoodis method.- Another method of vertical-tail design

which involves a tail-area definition that includes all the fuselage
area below the root chord of the vertical tail has been evolved by Lyons
and Bisgood in reference 2. The calculations of the total effectiveness
of the vertical tail according to this method are shown in table III.
The results obtained are seen to be lsrger than the measured.values
(fig. 12).

In order to analyze the reasons for the large differences between
the results shown in figure 12, the calculated total contribution is
divided into the separate contributions of the tail, the fuselage above
the stabilizer, and the fuselage below the stabilizer. For comparisonL

. .

. --

-.

—

,---
.

-..
——

. .

u
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with the measured values, the contributions -
coefficient slopes, based on the tail area .%
shown in table “IVby the.relati”on

v

taken as the normal-force- ‘“‘
and are determined as . ——

.- W—,.

scomponent .-
c~w — -.

component = cNvtotd -~total
-. —

This operation, slthough not strictly valid, iS adequatefor Purposes o? ... ........
illustration, since the treatment of the tail ~d fuselage as a slwle
airfoil implies a distribution of normal force that is roughly proportio~

7

to the.areas involved.
— ..— - ...J—

The comparison of calculated results with the measured contributions
of the components of the tail-fuselage combi&tion is shown in figure 14.
The most striking discrepancy is seen to lie in the large overestimation
of the.contribution of the fuselage. ~clu-s”ionin the tail area of the.
fuselage below the stabilizer, for which the contribution in the actual
case was found to le zero, leads to a large and entirely fictitious con-
tribution. The calculated contributions of the fuselage above the stay
bilizer, although more in accordance with the.actual case, are still of
questionable value due to em overestimation thaticreases greatly as
the stabilizer is moved down. From consideration of the results obtained ““
in this investigation it appears that a design method based on a tail-area
definition as employed in reference 2 would tend to overestimate the con-
tribution of the verticeltiil for airplane tail configurations contributing
relatively large fuselage area to the total effective tail area.

—

—

-L..—-

.

CONCLUSIONS

The results “ofthe wind-tunnel investigation of.the contribution of
a verticsl tail to the directional stability of a fighter-type airplane
indicated that-the”stabilizer,apart-from its favorable end-plate effect,
had a large detrimental effect on the contribution of the vertical tail
surface to the directional stability. This detrtiental effect increased
with angle of attack and was greatest with the stabilizer In the high
position. The contribution of-the fuselage at small angles of-attack @s
supplied.mainlyby that part--abovethe stabilizer. The im~ortance of the
contribution of this part ‘orthe fuselage increased appreciably as the
stabilizer was moved dowh. The contribution of the fuselage below the
stabilizer was negligible at small sngles o~attack; at him Wles of
attack, the contribution o~the fuselage becS.meappreciable When the
depth of the fuselage below the stabilizer ~gs large. ..

-.

..

.

Inasmuch as the induced load on the fuselage contributes appreciably “
to the total effectiveness of the vertical tail, currentfiesign methods *—---
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generally attempt to account for this effect by including a part of’the
lateral area of the fuselage h this definition of the effective tail
area. A comparison of the test results with results predicted by current
design methods based on the concept of an effective tail area indicates
that such methods cannot accurately predict the contribution of a
vertical tail to the directional stability for all airplane configurations
and flight conditions. It appears that a more satisfactorymethod r%n
be obtainedby treating separately the contributions of the vertical tail
surface, the fuselage area above the stabilizer, and the fuselage area

.

below the stabilizer.
,, .-

.:-.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics

Langley Field, Vs., December 9, 1947
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TABLE I.- CALWIATIONS OF END-PIATE

FAmO~SFOR~TICW ~.

——.

. s.—
—.. .- _____

.—

J

0 3 6 I 9 ~ 15Angleofattack,a, deg . . . . . . . .

Area)St,sqft. ..oo. . . . . . . 2.04

1.55Tailheight, ht, ft ... . . . . . . . .

1.18Aspect ratio,A . ht2/St. . . . . . .
,. -.. . .

.

0.0235

Measurednormal-force-coefficient
slopefor verticaltail am-face
(basedonareaSt),CN+t . . . . . . I0.0330 o*02&l0,0385

0,94

0.0255 0,0210

T0.92 0.85

Air-flowfactor,

reference3 at samelif~
coetficlsnt). . . . . . . . . ...” 0.76 0.63

0.0360 0.0330

1.39 1.22

Correctedn“ormKL-force-coefficient

()
%-b

slope,C%% o =
Air-flowfactor “ “

0.0336 0.04200.0410

1.68

0.0374

Effectiveiwpect ratio, &

(fromfig.Sofreferencel
~tiw~~ of”(~vt)o

decreasedYpei?cent”to
accountfor absenceof
control-mrfacegap) . . . . . . . . 1.461.26 1.75

1.48
+End-platefactor = * . . . . . . . 1.42 1.16-” 1.04 1.07 1.24

v - -.
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TABLEII.- CJLCUIATIONOF CONT!RIBUTIOTOF VERTICAL

TAIL TO DIRECTIONALSTABILITYBY PASSt

METHOD OF REFERENCE 1 (a = 0°)

ailheight,ht

“rStabilizer

-“ ‘

.-

—

position
.....—

Stabilizerposition . . . . . . . . . . High Middle Low

Area, St, si ft....... . . . . . 2.41 3.01 3.61

Tail height, ht, sq ft . . . . . . . . 1.79 2.13 2.48

ht2
Geometricaspect ratio,A = — . . . .

St
1.33 . 1.51 1.70

Effectiveaspectratio,A= = 1.55A . “.. “2.06 2.34 2.64 ~

Normal-force-coefficientslope,
(CN~t)o(from fig. 3 of’

reference1 with values increased
5 percent to accountfor absence
of control-surfacegap”) . . . . . . . o.046k 0.0498 0.0531

Air-flow factor,
d(~ - a)(q/~)

d$
(fromreference3) . . . . . . . . . . 0.94 0.94 0.94

Correctednormal-force-coefficientslope,

CN~t = (CN$t)o (Air-flowfactor) . . . . 0.0436 o.046~ o,o~cl

Contributionof vertical tail to
directionalstability,

C%N -($(i)(l+ ● ● ● ● ● ● ● ● ‘0000144‘0000193‘0*002M

.

—

-.

,

—
.
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TAME III.- CAU7JIATIONOF CONTFUBUI!IONOF VXRTICALTAIL

TO ‘DIRICTI.ONALSIABLLITYBY IX(INSAND BTSGOODtS

MEI’HODOFREF-CE 2 (a= 0°)

Stabilizer

‘T

position

NACA TN

Stabilizerposition . . . . . . . . . . . . . . . . . . High Middle Low

!Wlarea,st,eqf t..... . . . . . . . ...*. 3.84 3.8A 3.84

T_ailheight,ht, ft...... . . . . . . . . . . . . 2.65 2.65 2.65

Heighttostabllizer,hl, ft . . . . . . . . . . . . . 1.79 2.14 2.4a

hl/ht .. . . . . . . . . . . . . . . . . . . . . . . . . 0.675 0.807 0.936

h~2
Geometricaapectratio,A= —.. . . . . . . . . . .“-; 1.83 I.83

St
1.83

Ae/A (amendedfig.“g(b)of reference2) . . . . . . . ., 1.06 1.19 L 36

Effectiveaepectratio,Ae . . . . . . . . . . . . ; . 1.94 2.18 2.49

!lkailing-edgeangle(approx.), deg . . . . . . . . . . 14.0. 14.0 14.0

Control-gapsize..... . . . . . . . . . . . . . . . None None None

Vertical-tailtaperratio,
Root chord—. . . . . . ..O 2.08 2.o8
Tip chord

2.08

Slopeal = @$ for isolatedthree-dhwneional ....:
surface(fig.10 of reference2) . . . . . . . . . . . 0.0471 0.0506 0.0551.

_k@hei@t, hf,ft...... . . . . ...?.. 1*1 1.1 1.1

hf/ht . . . . . . . . . . . . . . . . . . . . . . . . . 0.413$ 0.415 0,4Y5

Lnterferencecorrectionfactor,al~/al

(fig.Q(a) of reference2, .Interpolated ~ ~
forlow midwing). . . . . . . . . . . . . . . . . . . 0,66 0.66 0.66

oNtt=al’, Perdeg . . .. o... . . . . . . . . . .. 0,031.1 0.0334 0.0364

Contributionof verticaltallto directional

atibility’c% =+)(;) (CN*J . . . . . . . . . . -0.:164 -0.001,, -0.031,1

248a

8

. . ... _.

● “_

..— .—

.

.

-- .,

. . .._ ____ __

-.. —

.-*-

.- -.

-. .——

●

✍✍✍☛.—
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TABLE IV.- CON’I!RIBUTIONOF COMPONENTS OF TAIL-FUSELAGE

COMBINATION AS IMPLIED BY REFERENCE 2

(LYONS AND BISGOOD)

position

Stabilizerposition. . . . . . . . . . High Middle Low

St,.tail area . . . . . . . . . . . . zok 2. ok 2.04

Sfl, “fuselage,wea above stabilizer . . 0.37 0.97 1.57

Sf2, fuselage area below stabilizer . . 1.43 0.83 0.23

‘total =St+sfl+sfz . . . . . . ● . 3.84 3.84 3.84

CN~t based on area Stotal . . . . . . 0.0311 0.0334 0.0364

%~tbased onarea%cmmo ● COOO 0.0585 0.0629 0,0689

Contribution of vertical-tail area,
CN~t, basedon area St . . . . . . . 0.0311 0.0334 0.0364

Contribution of fuselage area above
stabilizer, @

vfl~
based on srea St . 0.0056 0.ol~ 0.0280

Contribution of fuselage area below
stabilizer, CN~f2, based on

sxeaSt . . . . . . . . . . . . . . 0.0218 0.0136 0 ● 0041

.

-.
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wing, syfl. .- . . ..-. 37.l2

Wing flap, syft. . . . . . .4.42
Horizontal tall, S~ ft . ..8.65
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Figure 1.- Three -vieu drawing
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low-wing fighter airplane.
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Figure 2.- Photograph of ~. scale model of conventional low-wing lY@ter

ab~e m~ted h I=u@_ey Propel.ler-researchtunnel. Stabilizer
in low position.
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Figure 6.- Fuselage section norm+force coefficient as a function of
section epamtke position with angle of attack and amgl.e of yaw as

parameters. Vertical and horizontal tails removed.
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Variation of normal-force slope with amgle of attack for

c~omts of tie tail-fusehge combination.



37

— Tu;l
----- Fuse/uge obove &bi/izer
— —Fuseiqe below siubilkr
— -— Fuse/uge fetal
— -—To)’01

cc”3°

/“
/-

..-.
“..

—.

:$”f3EEEElEEEEf3m‘
/ - --

/“ —

.

a! - /5°

Y. —- ‘—

‘:EEEHm EiEE50-““
k?ut~o of >ista% d s%?bilf% be]%vfu&qe )me fo%s.sYff%e ciQpI% -

+ ‘“’

Figure 10.- Variation of normal-force slope with stabilizer position
for components of the tail-fuselage combination. Short dash on
right side of each curve indicates the corresponding value obtained
with the horizontal tail removed.
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Figure 11.. Variation of end-plate factor with angle of attack for
vertical tail with high stabilizerposition.
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Figure fi.. Comparison of the measured ,!r&bilit,y derivative with those

calculated by Pass ~ method (reference 1) and Lyons and Bi sgood 1s

method (reference 2). ,
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Figure 13.- Comparison of the measured load distributionswith those
implied in Passt method. a = OO; V = 17°.
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Figure 14.- Comparisonof the measuredcomponentcontributionswith
thosecalculatedas impliedin the methodof Lyonsand Bisgood
(reference2). a = OO.
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